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ABSTRACT
Griffith, Lara Kelley. MS. The University of Memphis. December 2010. Comparing
Administration of Nutrition Support with Prescribed Dose. Major Professor: Ruth
Williams, MS, RD, EdD
Objective To evaluate if pediatric bone marrow transplant (BMT) patients receive the
prescribed dose of nutrition support (NS).
Design Data was obtained from electronic and paper charts at St. Jude Children’s
Research Hospital. Amount of NS received was compared to the amount prescribed.
Subjects Data was collected on 32 patients, for a total of 63 incidences of hospital stays
in which nutrition support was administered.
Results Mean percentage of nutrition prescription met and percentage of total estimated
energy met were 69% and 72%, respectively. Allogenic BMT patients received
significantly more of their nutrition prescription (92%) compared to autologous BMT
patients (54%), (P<0.01). Malnourished patients were more likely to receive the full dose
of nutrition support than patients who were considered nourished or obese.
Conclusion This study found that patients who are most in need of nutrition support
were more likely to receive the full dose.
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CHAPTER 1
REVIEW OF LITERATURE
Introduction
Maintaining optimal nutritional status in the hospitalized patient has been shown
to decrease infection rates, days in the intensive care unit (ICU), length of stay, (1) and
morbidity and mortality (2). Nutrition support is an important clinical practice used when
patients are unable to receive adequate nutrition orally. Enteral nutrition support, or tube
feeding, in which nutrients are delivered via a tube or stoma directly into the gut is the
preferred method of nutrition support because it maintains the integrity of the
gastrointestinal (GI) tract (3). Parenteral nutrition, or delivery of nutrients directly into
the blood via an intravenous catheter, is another method of nutrition support. Parenteral
nutrition may be indicated for patients who have a decreased ability to absorb nutrients,
intractable vomiting, impaired motility, or gastrointestinal obstruction or infection.
Proper administration of nutrition support can reduce the occurrence of malnutrition and
its complications during a patient’s hospital stay (1, 2).
Though nutrition support can be a crucial nutrition intervention for hospitalized
patients, some studies have revealed that hospitalized patients often do not receive the
necessary amount of nutrition support to prevent malnutrition. De Jonghe et al. (4) found
that 55% of patients received less than 70% of their required energy needs. Inadequacy
of nutrition support has been shown to occur not only in adult patients, but also in
children. In a pediatric study, Brockenkamp et al. (5) found that the nutrition support
delivered met only 65% of patients’ estimated energy requirements. A study by De Neef
et al. (6) revealed that caloric underfeeding occurred in half of total days of nutrition
support.
1

Interruptions in Nutrition Support
While the prevalence of inadequate administration of nutrition support is not fully
known, some of the reasons for inadequate administration have been investigated. One
of the most common reasons for inadequate administration of nutrition support is
interruptions in delivery. Some reasons for interruptions include changing the body
position of the patient, high gastric residual volume, nausea and vomiting, loss of feeding
tube access, and administration of medications (7). Some of these factors that impede
the delivery of the prescribed amount of nutrition support may be reduced or prevented.
Many of these reasons for interruption of nutrition support have been noted in the
literature. While enteral nutrition must sometimes be held because of gastrointestinal
intolerance, some studies have found that one of the main reasons for holding enteral
feeds is for routine precautionary measures, such as being nil per os (NPO), or “nothing
through the mouth,” for 8 to 12 hours before tests and procedures (1). For example, a 6month prospective study in a pediatric ICU found that nutrition support was disrupted for
procedures in 62% of patients and disrupted due to GI intolerance in 57% of patients (8).
Similarly, Elpern et al. conducted a 3-month prospective study in an ICU and also found
that the main reason for withholding enteral feeds was patients being NPO for tests and
procedures, which accounted for 36% of total interruption time (7). It has been suggested
that because liquids empty from the stomach more quickly than solid foods do, the timed
needed to be NPO before procedures may be much less for patients on enteral feeds than
for those who are consuming food orally (1).
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Nursing Practices Related to Inadequate Delivery of Nutrition Support
Not only has being NPO for prolonged amounts of time contributed to
underfeeding, but other factors, such as nursing practices, may also account for
inadequate delivery of nutrition support. Marshall and West investigated possible
nursing practices that may contribute to the underfeeding of patients on nutrition support
(3). Patients’ tolerance to feeding was most often evaluated by checking gastric residual
volume. However, the amount of acceptable gastric residual volume varied widely.
What was deemed a high gastric residual ranged from 50 mL to 400 mL. Methods to
manage gastric residual volumes also differed among nurses. Nursing practices varied in
that aspirate was not always returned to the stomach after measuring gastric residual
volume. This practice could alter fluid and electrolyte balances and may contribute to
underfeeding (3).
Another nursing practice that may contribute to inadequate delivery of nutrition
support is the imprecise timing of stopping and restarting feeds before and after
procedures (4). When enteral nutrition must be disrupted for procedures or tests, tightly
controlling the stop and restart time of feeds and compensating for lost feeding time by
extending administration of enteral nutrition into the night will bring the amount of
nutrition support delivered closer to goal (9).

Underprescription of Nutrition Support
Underprescription of required calories may also contribute to the inadequate
delivery of nutrition support (4,10). In a 9-month prospective study in an ICU, De
Jonghe et al. found that less than 80% of required calories were prescribed. This
underprescription accounted for approximately 67% of the discrepancy between calories
3

delivered and calories required (4). Another study carried out in a pediatric ICU found
that underprescription of needs was the main factor contributing to underfeeding (10).
In order for an appropriate amount of calories to be prescribed, a patient’s energy
needs must first be determined. Though indirect calorimetry is the ideal method for
measuring energy needs, this method is not feasible at most institutions due to cost and
time (4). The clinical condition of the patient, as well as the many energy equations,
makes accurately estimating energy requirements of patients difficult. In a prospective
observational study which investigated the delivery of enteral and parenteral nutrition
support, Petros and Engelmann concluded that the development of standard nutrition
support protocols and continuous training of physicians and nursing staff may greatly
improve the amount of nutrition support delivered (9). Even for medical staff with an
acceptable knowledge of nutritional requirements, administration of adequate nutrition
support is a complex task due to the different routes of administration and the various
caloric concentrations and osmolarities of formulas (4). Implementing protocols,
providing ongoing training to medical staff, and taking a multidisciplinary team approach
involving a pharmacist and a dietitian in the prescription and delivery of nutrition support
may optimize the amount of nutrition support received (4, 10).

Parenteral Nutrition Support
While most nutrition support studies investigate the administration of enteral
nutrition, studies examining administration of parenteral nutrition support are important
as well. Often in the administration of parenteral nutrition, overfeeding instead of
underfeeding is more likely to be the concern. An 18-week prospective study conducted
by Nardo et al (11) found that in the administration of parenteral nutrition, 52% of
4

patients were overfed, compared to 17% of patients who were underfed. Overfeeding of
patients presents problems as well. Hyperglycemia is a common catabolic response in
hospitalized patients, but can be further exacerbated by overfeeding and can be harmful
to certain organs, such as the lungs, liver, and kidneys (12). Fluid and electrolyte
imbalances, hyperglycemia, hyperlipidemia, and increased risk of bloodstream infections
are just a few of the problems associated with over feeding via parenteral nutrition
support (11).

Nutrition Support in Pediatric Patients
Many studies have been performed to determine if adult patients receive the
prescribed amount of nutrition support, but very few studies in pediatric populations
exist. The few that have been conducted show results similar to those of most studies in
adults. A 4-month prospective study conducted in a 24-bed pediatric ICU investigated
the nutritional status of patients upon admission, the amount of calories delivered versus
prescribed, and factors that hinder the administration of adequate nutrition support. The
authors found that 20% of patients were moderately to severely malnourished upon
admission. The amount of calories delivered was 65% of patients’ estimated energy
needs. There was also a significant (p<0.001) difference between calories delivered
versus prescribed (5).
Other pediatric studies have reported similar findings. A 1-year prospective
cohort study by De Oliveria Iglesias et al. found that malnutrition was present in as many
as 70% of children upon admission to the pediatric ICU. The authors also found that
underfeeding occurred in over half of total nutrition support days. Patients’ mean
calories per day were 85% of prescribed needs and only 60% of their actual required
5

needs (10). Rogers et al. conducted a 6-month prospective study in a 22-bed pediatric
ICU and found that a median of 38% of daily estimated energy needs was obtained by
patients during their stay (8). A 10-month prospective observational study conducted in a
16-bed pediatric ICU found that caloric underfeeding occurred in 50% of nutrition
support days. Though there was a statistically significant difference between prescribed
versus delivered nutrition support, the difference was not clinically significant. Age or
weight of patients were not found to be risk factors for undernutrition, however,
catecholamines or neurotransmitter blocking agents were associated with caloric
underfeeding (6). Because the majority of pediatric studies have focused on enteral
nutrition and have been conducted in an ICU setting, more studies are needed to assess
both enteral and parenteral nutrition support in various settings.

Nutrition Support in Bone Marrow Transplantation
The importance of adequate administration of nutrition support has been well
documented and an abundance of studies analyzing the administration of nutrition
support have been done in both the adult and pediatric ICU settings. However, very few
studies in bone marrow transplant patients, especially pediatric bone marrow transplant
patients, exist. Malnutrition is a common occurrence in pediatric oncology patients. A
recent study by Cohen and Maurice found 20% of children admitted for a bone marrow
transplant to be at risk for malnutrition (13). In another study as many as 46% of children
admitted for bone marrow transplant were found to be malnourished. In this same study
malnutrition at the beginning of transplant significantly increased length of stay in the
hospital (14). Another study found over half (54%) of patients admitted for bone marrow
transplant were classified as malnourished (15).
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The bone marrow transplant itself can further place patients at risk for
malnutrition. Conditioning regimens can result in nausea, vomiting, decreased appetite,
diarrhea, or mucositis (13). Other factors that can contribute to decreased oral intake
among children undergoing bone marrow transplant include pain, food aversions, altered
taste perceptions, and fatigue (16). Due to decreased oral intake and increased risk for
protein-energy malnutrition, nutrition support is often a crucial intervention for children
undergoing bone marrow transplant. Adequate administration of nutrition support is
important to support the metabolic demands of bone marrow transplant and ensure that
the nutritional status of children is maintained or improved during transplant (13, 17).
Adequate administration of nutrition support is also important because evidence has also
shown that the greater the discrepancy between estimated energy needs and calories
actually administered, the longer the time to engraftment (17). Going even further, one
study looking at the long-term outcome of providing prophylactic nutritional support in
the form of TPN found that prophylactic TPN significantly improved time to relapse and
overall survival in bone marrow transplant patients (18).
A study by Uderzo et al. evaluating the efficacy of TPN in pediatric bone marrow
transplant patients found that the amount of TPN received provided an average of 82% of
estimated needs. The authors in this study also found that the TPN provided was
effective at improving nutritional indices, such as pre-albumin and retinol-binding
protein. Other indices such as weight, mid-arm circumference, and triceps skin fold were
not significantly affected (19).
A retrospective study on 20 pediatric patients undergoing bone marrow transplant
found that on average the children received 72% of their estimated needs. The authors of
this study evaluated only calories received from TPN and were not able to quantify oral
7

intake, though the authors did report oral intake was negligible. Of particular interest is
this study found that the greater the discrepancy between estimated energy needs and
energy actually supplied by TPN, the greater the time to engraftment (17).
One recent retrospective study at Sydney Children’s Hospital in Australia
investigated the adequacy of nutrition support in pediatric bone marrow transplant
patients. From February 2002 to December 2004, 34 patients had complete data that was
available for retrospective evaluation. The authors found that patients received a mean of
79% of their estimated needs from parenteral nutrition. No patients in the study received
enteral nutrition support. When the author’s excluded days for ramping up TPN and
weaning patients off of TPN, they found that patients received a mean of 95% of their
estimated needs on the full days of TPN. The total calories received from both TPN and
PO intake was unable to be assessed in this study due to the inability to quantify PO
intake. The two most common reasons for interruptions in TPN infusions were holding
TPN due to fluid overload (21% of full TPN days) and holding TPN due to concurrent
infusion of drugs (11% of full TPN days) (13).

Conclusions
Nutrition support is an important practice for patients who are unable to receive
adequate oral intake. Proper administration of nutrition support can reduce the risk of
malnutrition in hospitalized patients and reduce infection rates, days in the ICU, and
length of stay (1). Due to the many challenges in prescription and delivery of nutrition
support, such as over or underprescription, prolonged interruption time, and preventable
disruptions, a multidisciplinary team approach, protocols, and ongoing training of
medical staff may be important measures to ensure nutrition support is administered
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properly and provides the most benefit to patients (4). Further investigations are needed
to determine the prevalence of inadequate enteral and parenteral nutrition support,
especially in pediatric populations. Reasons for inadequate delivery of nutrition support
and possible solutions to these problems require further study as well. Understanding the
prevalence of inadequate delivery of nutrition support and the reasons for these
inadequacies will help researchers and healthcare professionals find ways to ensure
patients receive optimal amounts of nutrition support. Finding ways to improve the
delivery of nutrition support has the potential to reduce the incidence of malnutrition in
hospitalized patients, reduce length of stay, and reduce costs (1). Furthermore, finding
ways to improve the delivery of nutrition support in bone marrow transplant patients may
also shorten time to engraftment as well as potentially improve time to relapse and
overall survival rates (17,18).
Studies investigating the adequacy of nutrition support among pediatric bone
marrow transplant patients are lacking. The aim of this research study is to find out if
pediatric oncology patients receive the prescribed amount of nutrition support during
bone marrow transplant, and if not, what factors or reasons for interruptions affect the
delivery of the prescribed amount of nutrition support.
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CHAPTER II
METHODS
Design
This study was a 4-month (January 3, 2010 to May 2, 2010) prospective,
observational study comparing the administered amount of nutrition support with the
prescribed amount. Primary objectives of the study were to determine the percentage of
nutrition support prescription met and the percentage of total energy needs met.
Secondary objectives were to investigate whether or not patients at high risk for
malnutrition are more likely to receive the full dose of nutrition support, and if the
percentage of nutrition support prescription met was correlated with weight gain over
time. Reasons for interruptions and frequency of GI problems were also analyzed.

Subjects
Subjects of this study were patients admitted to the bone marrow transplant unit
of St. Jude Children’s Research Hospital (SJCRH) in Memphis, Tennessee. Only
patients who received nutrition support through enteral or parenteral nutrition and were
inpatient in the bone marrow transplant unit at the start of the study or were admitted
during the time of the study were included. Exclusion criteria included patients who
were not receiving nutrition support. Patients on nutrition support who were discharged
before the start of the study or admitted after the study ended were also excluded. In the
event a patient on nutrition support was transferred from the bone marrow transplant unit
to the ICU or from the ICU to the bone marrow transplant unit, only the days in which
the patient was in the bone marrow transplant unit were recorded for analysis.
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Procedures
All patients of the Bone Marrow Transplant Unit of SJCRH were identified
through the daily census of the unit. Patients on nutrition support were identified through
Powerchart (CERNER, CernerWorks 2009), the electronic medical record system at
SJCRH, and by contacting the inpatient dietitian for the bone marrow transplant unit. At
the start of the study, the age, gender, race, height, weight, diagnosis, reason for
admission, type of transplant, reason for starting nutrition support, and type of diet of
each patient on nutrition support were obtained from Powerchart. As patients on
nutrition support were admitted, the above data was collected on the first full (24-hour)
inpatient day. For patients who were started on nutrition support while inpatient, the
above data was collected on the day nutrition support was initiated.
Ideal body weight (IBW) was calculated for each patient. For patients less than
36 months of age, ideal body weight was calculated by plotting weight for height at the
50th percentile. For patients greater than 36 months of age, ideal body weight was
calculated by plotting body mass index at the 50th percentile for age and converting to
kilograms using current height. Weights were obtained daily from the In and Out cards
(Appendix A). Albumin and pre-albumin levels were also obtained from Powerchart
when available, as pre-albumin is not collected on a routine basis in every patient. Due to
the observational nature of this study, a thorough assessment of anthropometrics
including skin fold measurements was not possible.
Nutritional status was evaluated using two separate methods. In the first method
pre-albumin, when available, was used as the primary indicator of nutritional status.
Because a pre-albumin was not available for every patient, initial %IBW was used when
pre-albumin was not available on a patient. Current criteria for evaluating nutrition status
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based on pre-albumin are variable (20, 21, 22). In this study the criteria chosen for
defining nutritional status using pre-albumin were: >16 mg/dL = nourished, 15.9 to 12
mg/dL = mildly malnourished, 11.9 to 8 mg/dL = moderately malnourished, and < 8
mg/dL = severely malnourished. When pre-albumin was not available and initial %IBW
was used, Waterlow’s criteria for malnutrition, with the addition of an obese category,
was used to classify the nutritional status of children (23). Classifications included:
obese (≥ 130% of IBW), nourished (90% to 129% of IBW), mildly malnourished (80 to
89% of IBW), moderately malnourished (70 to 79% of IBW), and severely malnourished
(<70% of IBW). The second method for evaluating nutritional status used only initial
%IBW, which was available for every patient. In this method to assess nutritional risk,
classifications for nutritional status were also based on Waterlow’s criteria with the
addition of an obese category as described in the first method.
Estimated caloric requirements for each patient were calculated by the inpatient
bone marrow transplant dietitian and were obtained from Powerchart. Formulas used to
estimate energy requirements for patients were either the World Health Organization’s
formula for resting energy expenditure (24) with a factor of 1.2 to 1.4 or a failure to
thrive (FTT) formula (25) if the patient fit criteria for FTT (Appendix B).
Nutrition support prescriptions were determined by the inpatient bone marrow
transplant dietitian and pharmacist. Oral intake was taken into account when determining
a nutrition support prescription. For patients who were eating little to nothing by mouth,
the dietitian and pharmacist would develop a nutrition support prescription aimed to meet
approximately 100% of total estimated needs. For patients who were eating relatively
more by mouth, the amount of nutrition support prescribed would be aimed to meet a
lower percentage of total estimated needs to accommodate calories received from oral
12

intake. The nutrition support prescription developed for a patient was also sometimes
less than 100% of total energy needs to help encourage oral intake. For these reasons, the
nutrition support prescriptions were not always equal to the total estimated energy needs
determined for the patients. The amount of nutrition support prescribed for the patients
was reviewed from the nutrition support orders in Powerchart and compared with the
actual amount the patients received. The actual amount of TPN or EN formula the
patients received was retrieved from the In and Out cards of patients on nutrition support
(Appendix A). For the purposes of our study, patients were classified as either receiving
the full dose of nutrition support (≥90% of amount prescribed) or not receiving the full
dose of nutrition support (<90% of amount prescribed). Nurse progress notes were
reviewed to obtain reasons for nutrition support being interrupted or withheld and any GI
problems that occurred. Daily oral caloric intake of patients on nutrition support was
recorded on 24-hour Intake cards by parents and nursing staff (Appendix C). The 24hour Intake cards were used by dietetic technicians to generate daily calorie count
reports, which were retrieved from Powerchart. Calories received from nutrition support
and calories received from oral intake were combined and compared to estimated energy
needs as calculated by the dietitian to determine percent of total calorie needs met for
each patient.

Statistics
Statistical analysis of data was performed using SAS version 9.2 (SAS Institute,
Cary, NC). Only records of complete days were included in the analysis. Exact
Wilcoxon test was conducted to test the association between nutrition support, weight
gain, and transplant type. Exact chi-square test was conducted to test the association
13

between malnutrition risks and whether or not the full dose of nutrition support was
received. A linear regression model was applied to examine the correlation between
weight improvement and nutrition support over time. More specifically, the outcome was
logarithm transferred weight improvement (weight improvement = the weight of the last
day of recording - the weight of the first day of recording). The covariates included:
percent of caloric nutrition support prescription met and recording days. P < 0.05 was
considered statistically significant.

Ethics Approval
This study was approved by the St. Jude Children’s Research Center Institutional
Review Board as well as the University of Memphis Institutional Review Board.
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CHAPTER III
RESULTS
Description of Sample
Between January 3, 2010, and May 2, 2010, a total of 32 patients received a total
of 63 separate incidences of nutrition support. An incidence was considered an inpatient
hospital stay in which the patient received nutrition support. If a patient was admitted
multiple times throughout the course of the study, each hospital stay was counted as a
unique incidence of nutrition support. Therefore, there are greater than 32 patients listed
in Table 1.
Of the 63 separate incidences of nutrition support, 32 patients were male and 31
were female. The majority of patients were white, accounting for 73% of the patients in
this study. The most common diagnoses were meduloblastoma (41%), acute
myelogenous leukemia (13%), and acute lymphoblastic leukemia (8%). Stem cell
infusion was the most common reason for admission (57%), with fever and neutropenia
(32%) being the second most common reason. Sixty-one percent of patients underwent
an autologous transplant, while 39% underwent an allogenic transplant. One patient on
nutrition support did not receive a transplant during the time of the study. The most
common route of nutrition support was overwhelming parenteral. Fifty-four patients, or
86%, received TPN. Eight patients, or 13%, received enteral nutrition via a nasogastric
tube, a percutaneous endoscopic gastrostomy tube, or a gastrojejunal tube. One patient
(2%) in the study received both enteral and parenteral nutrition simultaneously. The
primary reason for initiation of nutrition support was inadequate oral intake, accounting
for 67% of patients. The majority of patients (62%) in the study were on a regular diet.
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Table 1. Summary of bone marrow transplant patient characteristics for incidences of
nutrition support
Variable
Level
n
%
Gender
Female
31
49
Male
32
51
Race
White
46
73
Black
9
14
Hispanic
8
13
Diagnosis
Acute lymphoblastic leukemia
5
8
Acute myelogenous leukemia
8
13
Meduloblastoma
26
41
1
Other
24
39
Reason admitted
Stem cell infusion
36
57
Fever and neutropenia
20
32
Transferred from ICU
6
10
Sepsis
1
2
Type of bone marrow transplant (BMT)
Autologous
38
61
Allogenic
24
39
None2
1
2
Type of nutrition support
Enteral nutrition
8
13
Total parenteral nutrition
54
86
Total parenteral/enteral nutrition
1
2
Reason for starting nutrition support (NS)
Inadequate oral intake
42
67
Dysphagia
4
6
Mucositis
5
8
3
Other
11
17
Type of diet
Regular
39
62
Low bacteria diet
21
33
Nothing by mouth
3
5
1
Other diagnoses included myelodysplastic syndrome, primitive neuroblastoma, atypical
teratoid rhabdoid tumor, biphenotypic leukemia, retinoblastoma, neuroectodermal tumor,
Hodgkin’s lymphoma, Burkitt’s lymphoma, osteopetrosis, and Di George syndrome.
2
Case 65 was admitted for transplant but did not receive one during the time of the study.
3
Other reasons included intractable vomiting, physician preference, and unknown due to
nutrition support being started at a different hospital.
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The mean age of patients in the study was 8.5 (SD 4.4) years old. Mean percent
initial ideal body weight was 101% (SD 13%) (Table 2).

Table 2. Age, weight (Wt), and percent ideal body weight (%IBW) of bone marrow
transplant patients on nutrition support upon admission to the study
5th
95th
Variable
n
Min percentile Median percentile
Max
Mean±SD
Age (years) 63
0.3
1.3
8.5
16.9
19.3
8.5±4.4
Initial
Wt (kg)
63
4.8
6.9
23.9
60.4
67.9
28.3±15.3
% IBW
63
81
85
97
125
145
101±13

Upon admission to the study 2% of patients were categorized as obese, 56% as
nourished, 14% as mildly malnourished, 22% as moderately malnourished, and 6% as
severely malnourished according to the aforementioned criteria in the first method of
evaluating nutritional status (Table 3). According to this method, a total of 27 patients
(42%) were considered malnourished upon admission.
When the second method to evaluate nutritional status was used, a lower number
of patients were classified as malnourished. Using this method in which pre-albumin was
not considered and %IBW was used as the sole indicator of nutritional status, 3% were
classified as obese, 83% as nourished, 14% as mildly malnourished, and no patients were
classified as moderately or severely malnourished. Therefore the total percentage of
malnourished patients upon admission using the second method was 14% (Table 4).
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Table 3. Nutritional status of bone marrow transplant patients on nutrition support upon
admission to the study using pre-albumin as the primary indicator of nutritional status
and using percent ideal body weight (%IBW) if pre-albumin was not available for a
patient
Classified using
Classified using
1
Nutrition Status
pre-albumin
%IBW
Total
n
%
n
%
n
%
Obese
0
0
1
2
1
2
Nourished
8
13
27
43
35
56
Mildly malnourished
7
11
2
3
9
14
Moderately malnourished
14
22
0
0
14
22
Severely malnourished
4
6
0
0
4
6
1
Pre-albumin was used as the primary indicator of nutritional status. For patients whose
pre-albumin was not available, initial %IBW was used as an indicator for nutrition risk.
Criteria chosen for defining nutritional status using pre-albumin were: >16 mg/dL =
nourished, 15.9 - 12 mg/dL = mildly malnourished, 11.9 - 8 mg/dL = moderately
malnourished, < 8 mg/dL = severely malnourished. Criteria chosen for defining nutrition
status using %IBW were: ≥ 130% = obese, 90% - 129% = nourished, 80 - 89% = mildly
malnourished,70 - 79% = moderately malnourished, <70% = severely malnourished.

Table 4. Nutritional status of bone marrow transplant patients on nutrition support upon
admission to the study using percent ideal body weight (%IBW) as the sole indicator of
nutritional status
Nutrition Status1
Classified using %IBW
n
%
Obese
2
3
Nourished
52
83
Mildly malnourished
9
14
Moderately malnourished
0
0
Severely malnourished
0
0
1
Criteria chosen for defining nutrition status using %IBW were: ≥ 130% = obese, 90% 129% = nourished, 80 - 89% = mildly malnourished,70 - 79% = moderately
malnourished, <70% = severely malnourished.

Oral Intake and Nutrition Support Prescription
When calorie counts were assessed, patients were found to have received a mean
of 16% of total estimated energy needs from oral intake alone (Table 5). The mean
percentage of total estimated energy needs that was to be met from nutrition support
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prescription was 79%. Evaluated together, the mean percentage of total estimated energy
needs met from oral intake (16%) and the mean percentage of total estimated energy
needs that was to be met from nutrition support prescription (79%) meets nearly 100% of
mean total estimated energy needs. Theoretically, patients should have been meeting
approximately 100% of their total estimated energy needs from oral intake and from the
nutrition support prescription, so long as the full dose of nutrition support was
administered.

Table 5. Percentage of total estimated energy needs received from oral intake alone and
percentage of total estimated energy needs that was to be met from calories from nutrition
support prescription in bone marrow transplant patients
5th
95th
Variable
n Min percentile Median percentile Max Mean±SD
% of total
energy needs
met from oral
intake alone1
622
0
0
8
62
94
16±21
% of total energy
needs that was to
be met from
nutrition support
prescription3
63 45
49
82
100
101
79±16
1
Defined as calories from oral intake divided by total estimated energy (kcal) needs.
2
Case 79 did not have a calorie count recorded on one day and was excluded.
3
Defined as calories prescribed from nutrition support divided by total estimated energy
(kcal) needs.

Nutrition Support Received
The mean length of time for each incidence of nutrition support was 9 days (SD
11 days), with a minimum length of one day and a maximum length of 45 days. The
mean and median percentage of nutrition prescription met were 69% (SD 43.57) and
94%, respectively, (Table 6). The nutrition support prescription was met (≥90% of
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amount prescribed) in the majority of patients, however, a few of the patients in whom
the nutrition support prescription was not met (<90% of amount prescribed) received a
considerably low percentage of their needs. Mean and median percentages of total
estimated energy needs met were 72% (SD 38.29) and 80%, respectively. One patient
was excluded from the analysis of total estimated needs because the patient failed to have
a calorie count recorded on one day. No statistically significant correlation was found
between amount of nutrition support received and weight gain after adjusting for the time
on nutrition support (P = 0.0777).

Table 6. Percentage of nutrition support prescription received and percentage of total
estimated energy needs met from nutrition support plus oral intake in bone marrow
transplant patients
5th
95th
Variable
n Min percentile Median percentile Max Mean±SD
% of nutrition
prescription
received
63
0
0
94
110
123
69±43.57
% of total energy
needs met
621 0
1
80
119
143
72±38.29
1
Case 79 did not have a calorie count recorded on one day and was excluded.

Though there was no statistically significant correlation found between nutrition
support and weight gain, nearly half the patients (46%) experienced an increase in weight
over the duration of the study (Table 7). Four percent of patients maintained their weight,
while 50% of patients lost weight.
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Table 7. Net weight change of bone marrow transplant patients on nutrition support over
course of the study
Net weight change1
n2
%
Weight decreased
28
50
Weight increased
26
46
No change in weight
2
4
1
Net weight change was defined as weight at the last day of the record - weight at the first
day of the record.
2
If a patient’s weight was not available or if only one weight was available, that patient
case was excluded from the weight analysis.

When analyzed by route of administration of nutrition support (Table 8), patients
who received enteral nutrition received slightly higher mean percentages of both nutrition
prescription and total estimated energy needs than patients who received parenteral
nutrition support, 79% and 78% compared to 67% and 71%, respectively. However, no
statistically significant difference was found between patients who received enteral
nutrition and those who received total parental nutrition support. The patient who
received both enteral nutrition and total parenteral nutrition simultaneously was excluded
from this analysis.

Table 8. Percentage of nutrition support prescription received and percentage of total
estimated energy needs met from nutrition support plus oral intake by type of nutrition
support
Variable
n1
Mean±SD
P value
Enteral Nutrition
% of nutrition prescription received
8
79±23
0.6405
% of total energy needs met
8
78±31
0.8403
Total Parenteral Nutrition
% of nutrition prescription received
54
67±46
0.6405
2
% of total energy needs met
53
71±40
0.8403
1
Patient case #39 had TPN and EN during 1/28-2/1, then EN during 2/2-2/20. Case #39
was excluded from this analysis.
2
Patient case #79 did not have a calorie count recorded on one day and was excluded.
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When analyzed according to type of transplant (Table 9), patients who underwent
allogenic bone marrow transplants were found to have received a significantly higher
percentage of their nutrition prescription than patients who underwent autologous bone
marrow transplants, 92% versus 54%, respectively, (P<0.01). Allogenic bone marrow
transplant patients also met significantly more of their total energy needs (86%)
compared to autologous bone marrow transplant patients (62%), (P<0.05). Though the
percentage of nutrition prescription met and percentage of total needs met were
significantly different between the two groups, no significant difference was seen in
weight change between allogenic and autologous bone marrow transplant patients (P =
0.0837). The patient who did not receive a transplant during the study period was
excluded from this analysis. Patients who did not have weights recorded or who only had
one weight recorded were unable to be evaluated for weight change over time and were
excluded from the weight change analysis.

Table 9. Percentage of nutrition support prescription received, percentage of total
estimated energy needs met from nutrition support plus oral intake, and weight gain by
transplant type in bone marrow transplant patients
Variable
n1
Mean±SD
P value
Allogenic transplant
% of nutrition prescription received
24
92±21
0.0099
% of total energy needs met
24
86±25
0.0319
2
Weight gain (kg)
23
0.52±1.15
0.0837
Autologous transplant
% of nutrition prescription received
38
54±48
0.0099
% of total energy needs met
37
62±43
0.0319
2
Weight gain (kg)
32
-0.1±0.81
0.0837
1
Patient case #65 did not receive a transplant during the time of the study and was
excluded from this analysis.
2
Weight gain was defined as weight at the last day of the record – weight at the first day
of the record. If a patient’s weight was not available or if only one weight was available,
that patient case was excluded from the weight analysis.
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When administration of nutrition support was evaluated according to nutritional
status using the first method of classifying nutritional status (Table 10), patients who
were classified as malnourished were significantly more likely to receive their full
prescription (≥90% of kcal prescribed from NS) of nutrition support than patients who
were considered nourished or obese (P < 0.05). Of the 27 patients who were classified as
mildly, moderately, or severely malnourished upon admission to the study, 20 of them
(74%) received their full dose (≥90% of kcal prescribed from NS) of nutrition support,
compared with 47% of patients who were considered nourished or obese upon admission.
Total, 37 patients (59%) received the full dose of nutrition support and 26 patients (41%)
did not receive the full dose of nutrition support.

Table 10. Nutritional status based on first method1 of classifying nutritional risk and
nutrition support (NS) prescription received in bone marrow transplant patients
Receive dosage status
Malnutrition risk
Frequency
Obese/Nourished Malnourished2 Total Pvalue
Collective Percentage
3
19
7
26 0.0409
Did not receive full dose of NS
52.78
25.93
17
20
37
Received full dose of NS4
47.22
74.07
36
27
63
Total
1
In this analysis, nutritional status was based on the first method for classifying
nutritional risk in which pre-albumin was the primary indicator and %IBW was used as a
second indicator if pre-albumin was unavailable. Criteria for classifying nutritional status
using pre-albumin were: >16 mg/dL = nourished, 15.9 - 12 mg/dL = mildly
malnourished, 11.9 - 8 mg/dL = moderately malnourished, < 8 mg/dL = severely
malnourished. Criteria chosen for defining nutrition status using %IBW were: ≥ 130% =
obese, 90% - 129% = nourished, 80 - 89% = mildly malnourished,70 - 79% = moderately
malnourished, <70% = severely malnourished.
2
Mildy malnourished, moderately malnourished, and severely malnourished were
combined as “Malnourished.”
3
Did not receive full dose of NS was defined as receiving < 90% of kcal prescribed from
nutrition support.
4
Received full dose of NS was defined as receiving ≥90% of kcal prescribed from
nutrition support.
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The one obese patient in the study did not receive the full dose of nutrition
support prescription (< 90% of kcal prescribed). Of the patients who were considered
nourished, 18 patients (51%) did not receive the full dose of nutrition support, while 15
(43%) received a full dose and 2 (6%) received greater than 110% of the prescribed
amount. Of the patients who were considered malnourished, only 7 patients (26%) did
not receive the full dose of nutrition support, while 19 (70%) received a full dose and 1
(4%) received greater than 110% of the prescribed amount (Figure 1).

Amount of Nutrition Support (NS) Dose Received According to
Nutritional Status

Number of Patients

40
35
30

Did not received full dose
of NS (<90% of kcal
prescribed from NS)
Received greater than
110% of NS dose

25
20
15
10
5
0
Obese

Nourished

Malnourished

Received full dose of NS
(≥90% of kcal prescribed
from NS)

Nutritional Status
Figure 1. Graph of amount of nutrition support prescription received according to
nutritional status in bone marrow transplant patients

When administration of nutrition support was evaluated according to nutritional
status using the second method of classifying nutritional status in which %IBW was used
as the sole indicator of nutrition risk, a difference was seen between patients who were
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classified as nourished (nourished and obese) versus malnourished, however this
difference was not statistically significant (Table 11).

Table 11. Nutritional status based on second method1 of classifying nutritional risk and
nutrition support (NS) prescription received in bone marrow transplant patients
Receive dosage status
Malnutrition risk
Frequency
Obese/Nourished Malnourished2 Total Pvalue
Collective Percentage
3
25
1
26 0.0688
Did not receive full dose of NS
46.30
11.11
29
8
37
Received full dose of NS4
53.70
88.89
54
9
63
Total
1
In this analysis, nutritional status was based on the second method for classifying
nutritional risk in which %IBW was the sole indicator of nutritional status. Criteria
chosen for defining nutrition status using %IBW were: ≥ 130% = obese, 90% - 129% =
nourished, 80 - 89% = mildly malnourished,70 - 79% = moderately malnourished, <70%
= severely malnourished.
2
Mildy malnourished, moderately malnourished, and severely malnourished were
combined as “Malnourished.”
3
Did not receive full dose of NS was defined as receiving < 90% of kcal prescribed from
nutrition support.
4
Received full dose of NS was defined as receiving ≥90% of kcal prescribed from
nutrition support.

Interruptions and GI problems
There were a total of 594 days of nutrition support recorded, and of those,
interruptions were noted on 25% of days (146 days). The most common cause of
interruption in NS was the holding of TPN and EN during conditioning regimens, which
accounted for 44% of interruptions. Days on which nutrition support was initiated or
discontinued, which were considered “not a full day” of nutrition support, accounted for
23% of inadequate delivery. Other common reasons for interruptions in NS were
procedures, which accounted for 12% of interruptions, and medical status (fluid
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restrictions, electrolyte imbalances, emesis and abdominal distention), which accounted
for 10% of interruptions. The remaining reasons, which accounted for 8% of
interruptions, included clogging of feeding tubes from administration of medication,
accidental line disconnections or feeding tube dislodgment, administration of nutrition
support being started late by parents, nutrition support (both TPN and EN) not running at
goal or not increased to goal as ordered, delays from pharmacy, rate decreased per
parents request secondary to GI symptoms unrelated to nutrition support, and refusal by
family member to have nutrition support started.
On days which interruptions occurred, patients received significantly less of their
nutrition support prescription and significantly less of their total energy needs. Mean
percent prescription met was 99% on days without interruption compared to 31% on days
with interruptions. The mean percent total energy needs met was 94% on days without
interruptions and 43% on days with interruptions.
As expected with cancer patients undergoing bone marrow transplant, GI
problems occurred frequently. Of the 594 total days of nutrition support recorded, GI
problems occurred on 58% of them (346 days). Nausea with emesis was noted on 33%
of total days of nutrition support and mucositis was noted on 18% of total days of
nutrition support. Abdominal pain occurred on 16% of total days and diarrhea on 10% of
total days.
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CHAPTER IV
DISCUSSION
Discussion of Results
Upon admission, 42% of the patients in this study were considered malnourished
according to the first method for classifying nutritional status, and 14% were considered
malnourished according to the second method. This finding is similar to results of other
studies, with malnutrition rates among children ranging anywhere from 0% to 54%
before bone marrow transplantation (13, 14, 15, 19).
One result of particular interest was that patients who were malnourished were
more likely to receive the full dose of nutrition support than patients who were
considered nourished or obese. When the first method of classifying nutritional status
was used, malnourished patients were found to be significantly more likely to receive
their full dose compared to nourished and obese patients. A small but insignificant
difference was also seen when the second method for classifying nutritional status was
used. No previous studies in bone marrow transplant patients have evaluated whether or
not the patients who are most in need of nutrition support are more likely to receive the
full dose. Despite malnourished patients being more likely to receive their full dose of
nutrition support, there was no statistically significant correlation between amount of
nutrition support received and weight gain after adjusting for the time on nutrition
support. This result was similar to findings in other studies (13, 19). Weight
maintenance during bone marrow transplant is a challenge, however, in this study half of
patients were able to maintain or gain weight during the course of the study.
The mean percentage of nutrition prescription received (69%) and percentage
total estimated energy needs met (72%) were comparable to findings of similar studies in
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pediatric bone marrow transplant patients (13, 17, 19). If days in which unavoidable
reasons for interruptions in nutrition support had been excluded, such as conditioning
regimen days, the percentage of nutrition support prescription received and percentage
total estimated energy needs met may have been much greater.
Though avoidable reasons for interruptions in nutrition support were relatively
few (8%), these interruptions resulted in some patients receiving little to no nutrition
support on the days they occurred. More can be done to ensure these types of
interruptions do not occur as frequently. Nurses play an important role in the care or
patients and administration of nutrition support. Ensuring medications are given
appropriately and are followed by adequate water flushes can prevent the frequent
clogging of feeding tubes. Nurses can also help increase the adequacy of nutrition
support by making certain that TPN and enteral feeds are running at the rate ordered.
In the pediatric setting, parent education is another area of intervention to improve
administration of adequate nutrition support. In this study, parents occasionally
requested nutrition support not be initiated at all or that rates be decreased. Though
parent requests were honored due to the practice of patient and family-centered care at
this institution, parents frequently have unfounded beliefs about the effects of nutrition
support, such as TPN or EN being the cause of certain GI problems. Due to the high rate
of patients that go home on nutrition support in this institution, parents are given nutrition
support training a few days before their child is discharged home on cycled TPN. Parent
training resulted in TPN being started late in a few instances in this study. Though parent
involvement is an important aspect of care in the pediatric setting, this study found that
occasionally parents contributed the inadequate delivery of nutrition support due to
refusal, rate decrease requests, and starting TPN late during nutrition support training.
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There is much room for improvement in the education of parents and families regarding
the purposes and effects of nutrition support. Providing education to parents at an early
stage may help reduce some of the misconceptions and anxieties about nutrition support
(16).
When analyzed by subcategory, percentage of nutrition support prescription met
and percentage of total needs met were significantly higher in patients who underwent
allogenic bone marrow transplant. This result was not surprising, as at this particular
institution autologous bone marrow transplant patients usually have nutrition support
started when outpatient or after their first or second stem cell infusion once their oral
intake begins to decline. These patients receive four separate hospitalizations for stem
cell infusions and must have their nutrition support held during their conditioning
regimen before each infusion to prevent fluid overload and avoid incompatibility issues.
Allogenic bone marrow transplant patients on the other hand typically are admitted for
one stem cell infusion and nutrition support is usually started once their conditioning
regimen and infusion are completed. Therefore, patients undergoing autologous bone
marrow transplant would be less likely to meet their prescription and total energy needs
compared to allogenic bone marrow transplant patients.
Unlike some studies that have shown difficulty in meeting calorie needs with
enteral nutrition in bone marrow transplant patients (26), this study found that enteral and
parenteral nutrition support were comparable, effective routes for the administration of
nutrition support.
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Limitations
Multiple limitations exist in this study. The observational nature of the study
prevented certain data from being collected, such as additional anthropometric measures
that were not already routinely performed. Due to the specific aims of this study, other
variables such as the effect of nutrition support on infection occurrences and time to
engraftment were not evaluated. The relatively short duration of the study prevented the
evaluation of long-term outcomes, such as long-term effects of nutrition during bone
marrow transplant on quality of life and growth velocity. This study was limited by the
small sample size, though small sample size a common limitation among studies on
pediatric bone marrow transplant patients.
Extreme variability in length of hospital stays affected the number of nutritional
indices obtained for each patient. Some patients were not admitted long enough to have a
pre-albumin level obtained, while other patients had multiple pre-albumin levels
available for evaluation. The inconsistent availability of pre-albumins made evaluating
changes in nutritional status over time difficult to assess. One study that has challenged
the use of pre-albumin as a reliable indicator of nutritional status in children with cancer
showed that pre-albumin does not correlate well with weight-for-height among children
with cancer. However, the authors of the study failed to account for the administration of
steroids among these patients, which can cause elevated pre-albumins levels despite
nutritional status. The authors of the study did make the point that pre-albumin can vary
with age and there is a need for an age correction when pre-albumin is used as a
nutritional indicator in any pediatric population (27). An age correction was not
performed in the current study.
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Though pre-albumin is frequently used to monitor nutritional status due to its
relatively small body pool and short half life (22), other problems with using pre-albumin
as an indicator of nutritional status exist as well. Pre-albumin is an negative acute phase
respondent and conditions that increase the acute phase response can cause pre-albumin
to be low despite nutritional status. Conditions such as high stress, inflammation, chronic
disease, infection, and surgery can cause pre-albumin to be low due to its function as an
acute phase protein (28). Due to the lack of availability of pre-albumins on every patient
and the inconclusiveness with using pre-albumin as a nutritional indicator in this
population, a second method for classifying nutritional status in which %IBW was the
sole indicator was used.
Weight changes were the only nutritional indices available for every patient
throughout the entire course of the study, and therefore, were used as an indicator of
nutritional status change overtime. However, some studies have shown weight is not the
most reliable indicator for changes in nutritional status as fluid losses or gains, which are
common among patients on nutrition support, will affect weight (29).
For collection of certain data, such as reasons for interruptions in nutrition support
and GI problems, the author relied on nurse progress notes which may vary in terms of
accuracy and completeness. Though calories from oral intake were able to be quantified
and taken into account in this study, the method for obtaining calorie intake contains the
possibility of error due to food records being filled out by parents and nurses of patients.
Another limitation of this study was that days in which unavoidable reasons for
interruptions in nutrition support, such as conditioning regimen days, were included in
the analysis of adequacy of nutrition support. While including days with unavoidable
reasons provides a more accurate picture of the total amount of nutrition patients receive
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during hospitalization, it does not provide as much insight into the extent to which
avoidable interruptions affect inadequate administration of nutrition support.

Conclusions
This study found that malnourished pediatric bone marrow transplant patients
were more likely to receive the full dose of nutrition support prescribed when compared
to nourished or obese patients. Though the exact reasons for this higher percentage
among malnourished patients is not known, the presence of an interdisciplinary team of
caregivers and a low nurse-to-patient ratio (1 to 2) are likely contributing factors to the
relative success at this institution. Evidence has shown that the use of a nutrition support
team and feeding protocols may improve the administration of nutrition support (4, 10).
Low nurse-to-patient ratios can also help optimize patient care by nurses being able to
devote more time and attention to each patient. This study also found that both enteral
and parenteral nutrition can be effective routes for administration of nutrition support in
pediatric patients undergoing bone marrow transplant. Again, the use of an
interdisciplinary team including a dietitian and a pharmacist can improve outcomes by
being able to select the most appropriate route of administration and determining the
most appropriate rate and formula or solution to be given (4, 10).
Many methods currently used to evaluate nutritional status of children before,
during, and after bone marrow transplant, such as weight changes, weight-for-height, prealbumin, mid arm circumference, and triceps skinfold, can be unreliable or not sensitive
enough (13, 19, 27, 29). Future research is needed to determine the most reliable
methods to assess initial nutritional status and changes in nutritional status in this
population. Further studies are also needed to determine ways to minimize interruptions
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in nutrition support during bone marrow transplant. It has been suggested that provision
of more concentrated solutions or formulas may help increase the percent of nutrition
support prescription received, but more research is needed to find out optimal
concentrations and if this solution is effective and feasible (13). More research is also
needed to determine the optimal amount of nutrition support during bone marrow
transplant, and subsequently the most reliable predictive equations, to produce the best
short and long-term results (15, 17).
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Estimated Energy Needs Formulas

Table 12. World Health Organization calculation for resting energy expenditure (REE)
Gender and Age (years)
Equation for REE1
Males
0-3
(60.9 x weight) – 54
(22.7 x weight) + 495
3-10
10-18
(17.5 x weight) + 651
18-30
(15.3 x weight) + 679
Females
0-3
(61.0 x weight) – 51
(22.5 x weight) + 499
3-10
10-18
(12.2 x weight) + 746
(14.7 x weight) + 496
18-30
1
Once calculated, REE was multiplied by an activity factor of 1.2 – 1.4 to estimate total
energy expenditure.

Table 13. Failure to thrive (FTT) criteria and FTT energy formula
Patient must meet one or more of the following criteria to be classified as FFT:
1. Weight-for-height below 5th percentile
2. Weight or height deficit of more than two percentiles
3. Less than 80% of ideal body weight (IBW) based on height
FTT kcalories/kilogram = RDA1 kcalories for weight age x Ideal body weight
Actual weight
1
Recommended Daily Allowance
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APPENDIX D
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Data Collection Form
Date

MRN

Kcal Needs

Prescription
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Type of NS

Amount received

Data Collection Form (continued)
Reason for Interruption

PO intake

Albumin

46

Pre-albumin

GI problems

Type of Diet

Data Collection Form (continued)
Reason for starting NS

Reason admitted

Diagnosis
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Type of transplant

Data Collection Form (continued)
Age

Race

Gender

Ht (cm)

48

Wt (kg)

%IBW

